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The reaction of2-arnino-3-carboxarnido/cyano-5-styryl-7,7- dirnethyl-6, 7-dihydrobenzo [b) thiophenes 2a-t
in the presence of sodium ethoxide with ethyl acetoacetate/ethyl cyanoacetate, forrnarnide and hydrazinehydrate
yields benzothieno[2,3-d]pyridines 3a-t, benzothieno[2,3-d]pyrimidiens 4a-j, and benzothieno[2,3-d]pyrazoles
5a-j, whereas compounds 2a-t on hydrolysis with ale. KOH followed by acetylation and cyclization with
2,4-dichloroaniline/hydrazinehydrate furnish benzothiophene 6a-j and benzothieno[2,3-d]pyrirnidines 7a-t re-
spectively. Compounds 2-7 have been characterized by elemental analyses and spectral data. Compounds 2a-t-
7a-t have been screened for antimicrobial activity against various strain of bacteria and fungi.
The chemistry of benzothiophenes is well docu-
mented in the literature and has drawn much attention
because of their wide spectrum of biological
activity 1-3 . Pyridine, pyrimidine and pyrazole deriva-
tives are also associated with diverse biological
activities't". Keeping in view the wide pharmacologi-
cal profile of well known drugs such as coramine
(CNS system), pyridoxine (Vit.B6), uracil (diuret-
ics), minoxidil (antihypertensive), antipyrine (anal-
gesics); and phenylbutazone (antipyretic), it was
thought of interest to fuse benzo(b )thiophene with
pyridines, pyrimidines and pyrazoles to get ben-
zothieno[2,3-d]pyridines 3, benzothieno[2,3-d]
pyrimidines 4,7 and benzothieno[2,3- djpyrazoles 5:
respectively.
3'-Carboxamido/cyano-3'-cyanomethylene-5, 5-
dimethyl-l- substituted styryl-cyclohexene 110, have
been synthesised by the condensation of aromatic
aldehydes with 3'-carboxamido/cyano-3'-cyano-
1,5,5-trimethyl-I-cyclohexene. Compounds 2 have
been synthesised by the reaction of sulfur with 1 in
presence of morpholine as a catalyst and the reaction
is known as Karl Gewald reaction. Benzothieno[2,3-
djpyridine 3, benzothieno[2,3- djpyrimidines 4 and
benzothieno[2,3-dj pyrazoles5 are obtained by cy-
clocondensations involving ethyl acetoacetate/ethyl-
cyanoacetate, formam ide, hydrazine hydrate and
benzo(b) thiophenes 2. Hydrolysis of 2 with ale.
KOH followed by acetylation with acetic anhydride
and subsequent cyclization by 2,4-dichlolOanil-
inelhydrazine hydrate afforded benzo(b )thiophenes 6
and benzothieno[2,3-d)pyrimidines 7 respectively
(cf. Scheme I, Table I).
The formation of these product have been deline-
ated by elemental analysis and spectral data. All the
products synthesised have been screened for their
pharmacological profile against different strains of
bacteria and fungi.
Antimicrobial activity
Compounds 2-7 were screened for their antibacte-
rial activity against gram-positive bacteria B.mega
and B. subtilis and gram- negative bacteria E.coli
and P. jlourescen and for antifungal activity against
A. awamori by cup-plate method at a concentration
of 50 ug using DMF as a solvent. After 24hr incuba-
tion at 37°C, the zones of inhibition were measured
in mm. The zones of inhibition of each strains are
recorded in Table I. The activity was compared with
the known standard drugs, viz. ampicillin, chloram-
phenicol, norfloxacin and griseofulvin at same con-
centration (50 ug).
Compounds, 2a-t; 3a-t; 4a-t; 5a-t; 6a-t; 7a-t,
showed moderate to good antibacterial activity and
comparable activity with known standard drugs (cf.
Table I). The antibacterial activity of compounds 2f,
2g, 2n, 20, 25, 25, 3i, 31, 3m, 30, 3p, 3r, 3t, 5e, Sf,
6a, 6b, 7b, 7d, 7f, 7i, 7p, 7q, 7r, 7t showed compa-
rable activity with standard drugs, ampicilline (23
mm), chloramphenicol (24 mm) againstE.coli. Com-
pound 3q exhibited comparable activity with known
standard drugs ampicilline (18 mm) against B.sub-
tilis . Compounds 2a-t , 3a-t, 4a-t; Sat, 6a-t, 7a-t,







showed moderate to good antifungal activity and
comparable activity (13-24 mm) againstA. awamori.
Compounds 2f, 2h, 2j, 3c, 3d, 7h showed comparable
activity with known standard drug griseofulvin
(22 mm) againstA. awamori.
Experimental Section
All the melting points were measured by open
capillary method and are uncorrected. IR spectra
(KBr, v max in em") were determined on a shimadzu
IR-435 spectrophotometer; iH NMR spectra on a
Hitachi R-1200 (60 MHz) spectrometer using TMS
as internal standard (chemical shifts in 0, ppm ) and
the mass spectra on a Jeol 300 eV. The purity of the
Scheme I
compounds were routinely checked by lLC using
silica gel G.
2-Amin~3-carboxamid~5-( 4' -methoxystyryl)-
7,7-dimethyl-6,7- dihydro-benzothiophenes 2f. A
mixture of l(R = 4-methoxyphenyl ; X = CONH2)
(0.01 mole) and sulfur powder (0.01 mole) were
stirred at 50-60°C for 5 hr in the presence of mor-
pholine (10 mL) as acata1yst in ethanol (25 ml.). The
reaction mixture was allowed to cool and poured onto
crushed ice. The product obtained was filtered and
crystallised from ethanol, yield 75% , m.p. 157°C
(Found: C, 67.76; H, 6.18; N, 7.89. C2oH22N202S
requires C, 67.80; H, 6.21; N, 7.91 %); IR (KBr):
3300 (N-H), 3190 (N-H) 3035 (C-H), 2855 (C- H),
1690 (C=O), 1625 (N-H) 1600 (C=C), 1380
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Table I - Physical data and antimicrobial activities of compounds 2a-t,la-to4a-j,5a-j,6a-j,7 a-t
[Zones of inhibition in nm J Antibacterial activity Antifungal
activitiy
Compd R X m.p. % of Nitrogen B- E. E coli P. A. aWQ-
(OC) (Found! subtiiis mega fluore- mon
Calcd) seen
2a C6H~ CONH2 168 8.60/8.64 14 14 20 16 17
2b 2-CIC6fu CONH1 183 7.78/7.81 15 13 21 16 19
2c 4-CIC6fu CONH2 149 7.7717.81 16 15 21 13 19
2d 3,4-CbC6iL CONH2 178 70917.12 16 lJ 20 14 16
2e 2-OCH3C6fu CONH2 139 7.8717.91 16 15 22 15 20
2f 4-OCH3C6fu CONH2 157 7.8917.91 13 13 24 14 23
2g 3,4-(OCH3)2C6H3 CONH2 190 7.2617.29 15 12 23 14 19
2h 3,4,5-(OCH3)JC6H2 CONH2 208 6.74/6.76 14 15 20 14 22
2i 3-OCH3-4-0H-C6H3 CONH2 188 7.5317.57 15 17 22 12 16
2j 4-N02-C6iL CONH2 230 11.34111.38 13 18 20 13 24
2k C6H, CN 194 9.13/9.15 14 14 22 16 16
21 2-CIC6I-L CN 172 8.20/8.22 n 16 22 16 18
2m 4-CIC6I-L CN 157 8.19/8.22 15 18 21 18 17
2n 3,4-CI2C6H, CN 219 7.4417,47 13 19 24 14 15
20 2-OCH3C6I-L CN 161 8.30/8.33 15 15 24 15 14
2p 4-OCH3C6I-L CN 192 8.29/8.33 \3 17 22 16 15
2q 3,4-( OCH3 hC6H3 CN 249 7.62/7.65 16 12 21 15 20
2r 3,4.5-(OCH3)JC6Ih CN 208 7.0517.07 14 12 20 13 19
2s 3-OClb-4-0HC6Ih CN 227 7.9317.95 14 13 23 16 18
2t 4-NO:cColw CN 234 11.95111.97 13 12 22 14 19
3a C611, COCH, 224 7.1517.18 13 13 23 14 17
3b 2-CIC6H .• COCI·h 254 6.56/6.60 12 12 22 14 19
3c 4-CIC6I-L COCH, 197 6.58/6.60 14 12 21 13 22
3d 3,4-C12Ct,1b COCH3 203 6.07/610 14 13 19 17 24
3e 2-OCH,C6I-L COCH, 179 6.65/6.67 15 17 21 15 19
3f 4-OCH,C6IL COCH3 153 6.63/6.67 15 16 20 13 20
3g 3,4-(CX::H3)2C6H3 COCH3 218 6.20/6.22 14 13 20 \3 17
3h 3,4,5-(OCH3)JC6H2 COCH3 235 5.79/5.83 12 14 20 14 18
3i 3-OCH3-4-0HC6H3 COCH3 247 6.40/6.42 13 16 23 13 16
3j 4-N02C"iL COCH3 169 9.64/9.66 15 14 20 16 17
3k C6H5 CN 231 11.23111.26 14 14 20 14 14
31 2-C1C61-4 CN 276 10.28/\0.31 15 13 23 15 15
3m 4-CIC6H4 CN 201 10.27110.31 13 15 23 15 15
3n 3,4-CbC6H3 CN 169 9.47/9.50 14 15 26 15 14
30 2-OCH3C6fu CN 186 10.39110.42 13 14 19 14 16
3p 4-OCH3C6fu CN 158 10.40110.42 14 15 24 15 15
3q 3,4-(OCH3nC6H3 CN 217 9.65/9.70 18 13 22 15 13
3r 3,4,5-(OCH3)JC6H2 CN 248 9.04/9.07 15 16 24 16 20
3s 3-OCH3-4-0HC6H3 CN 177 10.00110.02 15 18 20 14 14
COl11d. .
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Table I -- Physical data and antimicrohial activities of compounds 28-t, 38-t, 4a-j, 58-j, 68-j, 7 8-t (- Contd.)
[Zones of inhihition in nm) Antibacterial activity Antifungal
activitiy
Compd R X m.p. % of Nitrogen B. B. E. coli P. .1 awa-
(OC) (Found! subtilis mega fluore- mon
Calcd) seen
3t 4-N02CtJL CN DR 13.36113.40 13 15 23 13 13
4a C6H~ 289 12.58/12.61 13 14 22 1.3 14
4b 2-CIC6H-I 15!( 11.41/11.43 D 15 22 14 18
4c 4-CIC6fu 263 11.40/11.43 14 16 20 14 19
4d 3,4-CbC6H; 163 10.41110,45 13 15 20 15 18
4e 2-OCH;C(,c{oI 211) 11.54111.57 12 15 21 13 15
4f 4-OCH,C6fu 173 11.53111.57 13 18 22 12 16
4g 3,4-(OCH3)2C6H, 2()4 10.66/10.69 15 13 20 14 15
4h 3,4,5-«X:II.,hC6Iic 162 19.90/9.93 14 13 21 16 17
4i 3-OCH,-4-OI IC61h 22R 11.04/11.08 14 14 22 13 15
4j 4-NO:C.lG 189 15.78/14.81 16 15 22 12 13
Sa C6H:; I()X 1.306I1H)8 14 17 21 14 15
5b 2-CIC,lloI 1311 11.77111.81 14 15 20 14 16
5c 4-CICJloI 171) 11.78111.81 14 16 21 15 15
5d 3,4-C1:C,Hl 225 10.74110.77 D 15 22 16 18
Se 2-(X:H,C6fi-! 306 I I.92111.97 15 15 24 I.~ 15
5f 4-(X:II,C611-1 246 11.94111,97 14 17 25 14 16
5g 3A(X:II: ):C,I I; IX.~ II.O()1I1.02 14 18 21 I.~ 17
5h 3,4,5-«X:lbhC6H: 201 10.18/10.22 13 15 22 16 II)
Si 3-0CH3-4-0HC6I13 212 114111144 12 13 20 15 17
5j 4-N02C6fu 154 15.26/15.30 14 15 21 13 14
6a C6H~ 176 4.28/4.31 14 13 23 12 U
6b 2-CICofu 158 3.87/3.89 14 13 23 14 15
6c 4-CIC6IL 199 3.86/3.89 13 16 2() 14 14
6d 3,4-CbC6H3 164 350/355 15 14 21 I" 17
6e 2-OCH3C6fu 230 H2I3.94 14 15 21 " 1(,6f 4-OCH,C(JL 267 39()1394 14 15 22 14 17
6g 3,4-(OCH3)2C6H3 219 3.611l64 13 14 22 I:' 17
6h 3A,5-(OCH3)3C61i: 241 3.3513.37 12 13 23 17 18
6i 3-OCH3-4-0HC6H3 184 3.74/3.77 14 12 22 14 16
6j 4-N02C(Ji-! 210 7.5317.57 14 14 22 13 14
7a C6H5 2,5-CI:C6H3 191 5.64/5.68 14 15 22 13 16
7b 2-CIC6HoI 2,5-CbC6H3 164 527/5.31 13 16 23 14 17
7c 4-CIC6fu 2,5-ChC6I13 1.1(, 5.2915.31 13 16 21 15 16
7d 3,4-CbC6Ib 2,5-CbC6H3 157 4.95/4.98 13 16 23 15 18
7e 2-OCH3C6fu 2's-ChC6H3 230 5 30/5.35 12 16 20 14 16
7f 4-OCH3C6fu 2.5-CbC6I13 276 531/5.35 14 17 23 14 17
7g 3,4-(OCI-il):C6H, 2,5-CI:C6H3 184 5.041506 13 I(i 21 1:1 20
7h 3,4's-(OCH3bC61 h 2,5-CI:C"Hi 281) 4 76/4 X() 15 14 21 15 22
7i 3-OCH,-4-0HC6I-b 2,5-CI~Cdh 261 5 14/~ 19 14 14 24 14 iX
COli/d.
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Table I -- Physical data and antimicrobial activities of compounds 2a-t, 3a-t, 4a-j, Sa-j, 6a-j, 7 a-t ( - Contd.)
[Zones of inhibition in nm J Antibacterial activity Antifungal
activitiy
Compd R X m.p. % of Nitrogen B. B E. coli P. .4. awa-
(OC) (Found/ subtilis mega fluore- mon
Calcd) scen
7j 4-NOcC6I-4 2,5-CbC6H3 248 7.79/7.81 13 15 22 12 15
7k C6Hs NHc 218 11.53111.57 14 14 20 13 U
71 2-CIC6H.j NHc 236 10.52/10.57 13 15 22 15 13
7m 4-ClcC6H-I NH~ 197 10.54/10.57 13 14 20 16 14
7n 3A-CI2C,jH; NHc 178 9.70/9.72 12 15 19 17 IS
70 2-OCH3C6I-4 NHc 158 iO.64110.69 13 IS 22 17 13
7p 4-OCH3C0I-4 NHc 205 10.66/10.69 14 16 24 IS IS
7q 3,4-(OCH3)2C6H3 NH2 257 9.90/9.93 14 IS 23 14 16
7r 3,4,5-(OCH3)JC6Hc NHc 294 9.24/9.27 16 IS 24 17 IS
7s 3-OCHJ-4-0HC6HJ NH2 22 10.24110.27 14 16 23 13 12
7t 4-N02C6H4 NHc IC:I 13.701l3.73 14 15 22 13 16
Ampicilline (50 ug ) 18 24 23 2?
Chloramphenicol (50 ug) 20 25 24 26
Norfloxacin (50 ug) 21 22 27 28
Griseofulvin (50 ug) 22
[C(CH3h]: lH NMR (TFA) : 8 1.0 [s, 6H, C(CH3h]'
2.4 (s. 2H, CH2), 3.8 (s, 3H, OCH3), 6.7 (s, IH,
C=CH) 6.9-7.4 (rn, 6H, Ar-H, CH=CH).
2-Amino-3-cyano-5-(3' ,4' ,5' -trimethoxystyrl)-
7,7 -dimethyl-6, 7- dihydrobenzo(b )thiophene11
2r). A mixture of 1 (R = 3.4,5- trimethoxyphenyl:
X = CN) (0.01 mole) and sulfur powder (0.1 mole)
were stirred at 50-6GoC for 5 hr in the presence of
morpholine (10 mL) as a catalyst in ethanol (25 mL)
The contents were allowed to cool and poured onto
crushed ice. The product was filtered, dried and crys-
tallised from ethanol, yield 73 %, m.p. 208°C (Found:
C. 66.65: H, 6.05: N, 7.05. C22H24N203S requires C.
6667: H. 6.06: N. 707 %): IR (KBr) 3410 (N-H),
3200 (N-H), 3070 (C-H), 2965 (C-H), 2220 (C=N),
1550 (C=C), 1370 [C(CH3h]: lHNMR(TFA):& 1.1
[s, 6H, C(CH3h]' 2.5 (s, 2H, CH2), 3.87 [s, 9H,
(OCH3))], 6.7 (s, lH, CH), 7.2 (rn, 4H, Ar-H;
CH=CH): MS : mlz 396. 57(B).
3-Aceto-4-am in 0-6-( 4' -methoxystyryl )-8,8-di-
methyl-l ,2,7,8- tetrah ydro- 2-ox o-benzoth ieno 12,
3-d] pyridine 3f Compound 2f (0.01 mole) was
refluxed with ethyl acetoacetate (0.0 I mole) and so-
dium ethoxide (0.01 mole) in ethanol (15 mL) for 6
hr. The contents were cooled, poured onto crushed
ice and acidified the solution with dil HC\. The solid
product so obtained was filtered and crystal Iised from
dioxane-methanol (3: 1), yield 70%, m.p. 153°C
(Found: C, 68.55~ H, 5.68; N, 6.63. C24H24N203S
requires C, 68.57; H, 5.71: N, 6.67 %); IR (KBr):
3290 (N-H), 3200 (N-H), 3045 (C-H), 2940 (C-H),
1740 (C-O), 1710 (C=O), 1620 (C=C), 1360 (C-H):
lHNMR(TFA): &1.1 (s, 6H, C(CH3h), 1.8 (s, 6H,C-
CH3), 2.4 (s, 2H, CH2), 3.7 (s, 3H, OCH3), 6.9 (s, IH,
C=CH), 7.4 (m, 6H,Ar-H).
3-Cyano-4-am in 0-6-( 4' -methoxystyryl )-8,8-di
methyl-l ,2,7 ,8-tetrahydro-2-oxo-benzothieno 12-
3-d]pyridine 3p. A mixture of compound 2p (0.01
mole) and ethyl cyanoacetatc (0.0 I mole) was re-
fluxed with sodium ethoxide (001 mole) and ethanol
(20 ml.) for 6 hr. The contents were cooled and
poured onto crushed ice. The product was neutralised
with dil. HCl, filtered, dried and crystallised from
ethanol, yield 72%, m.p. 158°C (Found: C. 68.45: H.
5.17: N, 10.40. C23H21N302S requires C 68.49: H,
5.21: N, 10.42 %: IR(KBr): 3295 (C-H), 3185 (N-H),
3060 (C-H), 2950 (C-H), 2210 (C=N), 1545 (C=C),
1370 (C(CH3h): lH NMR (TFA): 8 10 [so 6H,
C(CH3h], 2.5 (s, 2H, CH2), 3.8 (s, 3H, OCH3), 6.8
(s, lH, CH), 7.25 (m, 6H, Ar-H, CH=CH)
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4-Amino-6-( 4' -methoxystyryl)-8,8-dimethyl- 7,
8-dihyrobenzothieno [2,3-d] pyrtmidine'f 4f.
Compound 2f(0.01 mole) was refluxed with for-
mamide (0.01 mole) and sodium ethoxide (0.01
mole) in abs. ethanol (20 mL) at 80°C for 4 hr. The
contents were cooled and poured onto ice. The prod-
uct obtained on neutralization with dil. HCl, was
filtered, dried and crystallised from dioxane-metha-
nol (3: 1), yield 64%, m.p. 173°C (Found: C, 69, 39;
H, 5.75; N, 11.53. C21H21N30S requires C, 69.42; H,
5.79; N, 11.57%); IR(KBr): 3180 (N-H), 3025 (C-
H), 2965 (C-H), 2850 (C-H), 1600 (C=C), 1385
(C(CH3h); IH NMR (TFA): &1.2 (s, 6H, C(CH3h),
2.3 (s, 2H, CH2), 3.8 (s, 3H, OCH3 ) 6.7 (s, IH,
C=CH), 7.0 (m, 7H, Ar-H, CH-CH).
3-Amino- 5-(4'-methoxystyryl)-7 ,7-dimethyl-
IH,7,8-dihydrobenzothieno[2,3-d] pyrazole12 5f.
A mixture of2f(0.01 mole) was refluxed with hydra-
zine hydrate (0.01 mole) and sodium ethoxide (0.01
mole) in abs. ethanol (15 mL) for 4 hr. The contents
were coIled and poured onto crushed ice. The product
obtained was filtered, dried and crystallised from
ethanol, yield 72 %, m.p. 246°C (Found: C, 44.40; H,
3.96; N, 11.94. C20H21N30S, C, 44.44; H, 3.99; N,
11.97 %); IR (KBr): 3290 (N-H), 3170 (N-H), 3020
(C-H), 2960 (C-H), 2860 (C-H), 1595 (C=C), 1375
(C(CH3h); IH NMR (TFA): s 1.0 (s, 6H, C(CH3h),
2.4 (s, 2H, CH2), 3.8 (s, 3H, OCH3), 6.9 (s, IH,
C=CH), 7.3 (m, 7H, Ar-H, CH=CH).
2-Amino-5-( 4' -methoxystyryl)- 7,7-dimethyl-6,
7-dihydrobenzothiophene-3-carboxylic acid 6f.
Comopound 2f (0.0 1mole) was hydrolysed with ale
KOH by refluxing on a water-bath; for 3 hr. Reaction
mixture was then cooled and poured onto crushed ice.
The product obtained was filtered and crystallised
2from dioxane-methanol (3: 1), yield 67 %,m.p. 267°C
(Found: C, 67.58; H, .5.90; N" 3.90. C2oH21N03S
requires C, 67.61; H, 5.92; N, 3.94 %); IR (KBr):
3280 (N-H), 3190-3160 (O-H), 3010 (C-H), 2950 3
(C-H), 1710 (C=O), 1590 (C=C), 1380 (C(CH3h);
IH NMR (TFA): 0 1.1 (s, 6H, C(CH3h), 2.4 (s, 2H,
CH2), 3.75 (s, 3H, OCH3),'68 (s, IH,C=CH), 7.0 (m, 4
7H, Ar-H, CH=CH).
3-(2' ,4' -Dichloro-l' -yl-phenyl)-2-methyl-6-(4'-
5methoxystyryl)-8,8- dimethyl-4,7 ,8-trihydro-4-
oxo-benzothieno[2,3-d] pyrimidine 7f. Compound
6f (0.01 mole) was acetylated with acetic anhydride 6
(0.01 mole) and then cyclized with 2,4-dichloroanil-
ine (0.01 mole) in ethanol (25 mL) for 3 hr at 85°C. 7
The contents were cooled and poured onto crushed
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ice. The product obtained was filtered and crystal-
lised from dioxane-methan~l (3: 1), yield 58 %, m.p.
276°C (Found: C, 64.21; H, 4.57; N, 5.31.
C28N24N202ChS requires C, 64.24; H, 4.59; N, 5.35
%); IR (KBr): 3045 (C-H), 2960 (C-H), 2855 (C-H),
1700 (C=O), 1595 (C=C), 1375 «CH3h); IH, NMR
(TFA): 8 1.21 (s, 6H, (CH3h), 2.43 (s, 3H, CH3), 2.5
(s, 2H, CH2), 3.95 (s, 3H, OCH3), 6.8 (s, IH, CH),
7.31 (m, 6H, Ar-H, CH=CH).
3-Amino-2-methyl-6-(4' -m ethoxystyryl)-8, 8-
dimethyl-7,8- trihydro-4H-oxo-benzothieno[2,3-
d]pyrimidine 7p. Compound 6f (0.01 mole) was
acetylated with acetic anhydride (0.01 mole) and then
cyclized with hydrazine hydrate (0.01 mole) in etha-
nol (20 mL) for 3 hr at 90°C. The contents were
cooled and poured onto ice. The product obtained was
filtered and crystallised from dioxane - methanol
(3: 1), yield 63 %, m.p. 205°C (Found: C, 67.16;H,
5.84; N, 10.66. C2~23N302S requires C, 67.18; H,
5.85; N, 10.69 %); IR (KBr): 3275 (N-H), 2955
(C-H), 2860 (C-H), 1740 (C=O), 1590 (C=C); IH
NMR (TFA): s 1.4 (s, 6H, (CH3h, 2.3 (s, 2H, CH2),
2.39 (s, 3H, CH3), 6.7 (s, IH, CH), 7.5 (m, 6H, Ar-H,
CH=CH).
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